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| INTRODUC TI ON
The pathogenesis of vitiligo, an acquired cutaneous depigmenting disease, involves oxidative stress caused by increased H 2 O 2 production and decreased level of catalase in epidermis, leading to an altered redox status of epidermal melanocytes. 1 The most favored hypothesis of vitiligo development is, however, autoimmune mechanisms, which may be induced by promoting activation of antigenpresenting dendritic cells with the subsequent activation and recruitment of anti-melanocyte autoreactive cytotoxic T lymphocytes to the skin. 2, 3 Several studies have shown a crucial role of CD8+ T cells specific for melanocyte killing and disturbed function of regulatory T cells (Tregs), which maintain peripheral tolerance of self-reactive T-cell activation and expansion. 4, 5 Tregs have key roles in the immune response by suppressing the differentiation and proliferation of active immunogenic cells. Decreased number of circulating Tregs in active vitiligo patients and reduction in the number of Tregs in the marginal and lesional skin of the vitiligo patients have been reported. [5] [6] [7] A number of studies showed that decreased transforming growth factor beta (TGF-β) in serum and tissue levels [8] [9] [10] are found in vitiligo patients, suggesting a role of TGF-β on the prevention of deleterious effect of hyperreactive immunity of CD4 and CD8 cells by activation of Treg function in vitiligo patients. [11] [12] [13] Further, in an inflammatory vitiligo case, the presence of more numerous CD68+OKM5-macrophages is shown in the perilesional skin compared to that in the lesional and non-lesional skin. 14 However, until recently, a role of macrophages in vitiligo skin relevant to immune regulation is not well studied yet, whereas macrophages are reported in recent years to control not only tissue repair and fibrosis, but also immune states in many tissues via the regulation of M1/M2 polarization as shown in several review articles. 15, 16 Macrophages comprise a heterogeneous population of cells with diverse functions and phenotypic plasticity, and can switch from one functional phenotype to another.
Macrophages can generally be divided into several groups:
mainly, M1 (classically activated) and M2 (alternatively activated) phenotypes. 17 M1 phenotype exhibits pro-inflammatory properties, high levels of reactive nitrogen and oxygen intermediates, promotion of Th1 response, whereas M2 phenotype has anti-inflammatory and regulatory properties resulting in fibrogenesis and tissue remodeling. 17 Further, recently docosahexaenoic acid was reported to alleviate atopic dermatitis, one of the typical inflammatory skin diseases, by activating Tregs by IL10/TGF-β-modified macrophages. 18 We have found that PAPLAL, nanocolloid of platinum (Pt) and palladium (Pd), 19 effectively induced repigmentation of vitiligo skin of the patients who were resistant to the conventional treatments for vitiligo for more than 1 year. 20 We hypothesized that imbalance 
| ME THODS

| Reagents
| Cell isolation
Normal young adult male Wistar rats weighing 200-250 g were killed by Urethane anesthesia (1 g/kg, ip), and intact femurs were aseptically dislocated from the hind legs. The bone marrow cells (BMCs) were flushed from the femurs with 5-10 mL of cold DMEM using 23G needle. 
| PAPLAL treatment
Twenty-four hours before the experiment, BMDMs grown on six- 
| Measurements of apoptosis and necrosis
| Effect of PAPLAL on the phagocytic activity of human macrophage
Polarization of M1 and M2 and PAPLAL treatment were carried out as described above. Phagocytic activity was evaluated by internal- 
| Real-time PCR
The total RNAs of cultured cells were extracted with RNeasy (Qiagen, Tokyo, Japan), and cDNAs were obtained with reverse transcription (SuperScript IV; Thermo Fisher Scientific). Real-time PCR was carried out with following primer sets for human genes. 
| Statistical analysis
All values are presented as mean ± SE. Statistical analysis was performed using one-way ANOVA. P values of <0.05 were considered to be statistically significant. Statistical analysis was performed with the MAC statistics software ver. 2.0 (Esumi Co., Ltd., Tokyo, Japan).
| RE SULTS
| Effect of PAPLAL on cell viability
M0 cells prepared from bone marrow of rat and cultured for 1 day with 15% FCS were treated with PAPLAL at the concentration of 10%
for 48 hours, and analyzed with Annexin V for apoptotic cells, ethidium homodimer III for necrosis, and Hoechst 33342 for healthy cells.
PAPLAL did not show cell toxicity at these concentrations (Figure 1 ).
| Effect of PAPLAL on iNOS, TNF-α, and YM-1 levels of M0 macrophages
PAPLAL from 0.1% to 10% did not show any effects on the induction of the protein levels of iNOS, TNF-α, and YM-1 in M0 macrophage derived from rat bone marrow (Figure 2 ).
| Effect of PAPLAL on M1-skewing macrophage
Rat BMDMs were cultured for 24 hours with the medium containing PAPLAL simultaneous treatment with LPS and IFN-γ, 
| Effect of PAPLAL on M2-skewing macrophage
Bone marrow-derived macrophages treated with IL-4 and IL-13 for 48 hours produced IRP-1, YM-1, and mannose receptor proteins, and production levels of these proteins were suppressed statistically significantly with simultaneous addition of PAPLAL at the dose of 10% ( Figure 5 ). IRP-1 and YM-1 were suppressed significantly even at the dose of 3% PAPLAL.
In the THP-1-derived human macrophage polarization study, we observed almost similar results from those of rat macrophages 
| Effect of PAPLAL on the phagocytic activity of human macrophage
Phagocytic activity of M0, M1, and M2 cells treated with and without simultaneous addition of PAPLAL with each polarization factors evaluated with IBRf was shown in Figure 7 . PAPLAL did not alter phagocytic activity of these cells.
| D ISCUSS I ON
The pathogenesis of vitiligo still remains as a challenging target among dermatologists and basic scientists. Loss of function or death of melanocytes in epidermis and hair follicles is the cause of whitening of the skin and hairs. The oxidative stress is proposed as an initial pathogenic factor for melanocyte degradation in vitiligo. 22, 23 In acute We have recently found that PAPLAL, platinum and palladium nanocolloid with strong catalase-like activity, stimulated the mRNA expression of both aryl hydrocarbon receptor (AhR) and nuclear factor erythroid 2-related factor 2 (Nrf-2), and induced the expression of target gene cytochrome p450 1A1 (CYP1A1) and NAD(P)H quinone dehydrogenase-1 (NQO-1), respectively, in cultured human keratinocytes. Further, we showed that CXCL10 expression, which may play a pivotal role in the development and exacerbation of vitiligo, was suppressed in keratinocytes by PAPLAL via AhR pathway. 25 As far as we know, a role of macrophages in inflammatory vitiligo skin has been reported to scavenge the debris of melanocytes killed possibly by ROS activities and/or autoimmune response. However, there is no study reporting a role of macrophages in the regulation of vitiligo immunity in relevance to macrophage polarization, probably owing to lack of scientific methods to define clearly the resident and infiltrated macrophage characteristics in the skin. Here, we showed the strong and weak suppression of M1 and M2 macrophage activity, respectively, in vitro, by PAPLAL, suggesting a role of immune state alteration in vitiligo pathogenesis and the mechanisms of the therapeutic effects of PAPLAL in vitiligo skin. In addition, PAPLAL had no suppressive effect on the phagocytic activity of M0, M1, and M2
macrophages.
In the present study, we confirmed non-toxic effect of PAPLAL on macrophages by its effects on apoptosis, cell growth, and phagocytic activity; then, we evaluated a therapeutic effect of PAPLAL on vitiligo by analyzing the effect on macrophage activation which is recognized to be one of the key players controlling inflammatory immune 
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